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Objectives To investigate cerebellar development in preterm infants at term-equivalent age compared with
healthy full-term infants and to examine the effect of a low-grade intraventricular hemorrhage (IVH) on cerebellar
development.
Study design This study used 3T magnetic resonance and diffusion tensor imaging (DTI) at 36-41 weeks’ post-
menstrual age (PMA) in 72 preterm infants without severe brain injury and 16 full-term infants. Cerebellar volumes
and DTI parameters of the cerebellar peduncles including fractional anisotropy (FA), apparent diffusion coefficient
(ADC), axial diffusivity, and radial diffusivities were measured. Clinical variables that may affect brain development
were collected.
Results Compared with full-term infants, preterm infants showed smaller cerebellar volumes and a lower FA,
greater ADC, and increased radial diffusivities in the cerebellar peduncles (all P < .05). This cerebellar impairment
was associated significantly with PMA and IVH grade 2 but was independent of gestational age at birth. When we
adjusted for clinical variables, an IVH grade 2 was related with 1.73 cm3 reduction in cerebellar volumes and altered
DTI parameters in the cerebellar peduncles, including decreased FA and increased radial diffusivities in the superior
cerebellar peduncle and increases in ADC, axial diffusivity, and radial diffusivities of the middle cerebellar peduncle
(all P < .05). Cerebellar hemispheric volumes were associated with both ipsilateral and contralateral IVH grade 2.
Conclusion Preterm infants without severe brain abnormalities showed impaired cerebellar development at term-
equivalent age after we controlled for PMA at the time of the scan, and this is associated with IVH grade 2. These
findings suggest that even a low-grade IVH has potential harmful effects on cerebellar development. (J Pediatr
2016;175:86-92).
T
he cerebellum has been suggested as a pivotal region that is linked with motor, cognitive, and behavioral impairment in
preterm infants.1,2 The third trimester of a pregnancy is characterized by dynamic cerebellar development. Preterm infants
are susceptible to cerebellar injury because they are exposed to an extrauterine environment during this vulnerable period.3
Therefore, preterm birth often is associated with an underdeveloped cerebellum, specifically cerebellar volume reduction.3,4 It
remains unclear, however, whether this impaired cerebellar development is affected by prematurity itself or by postnatal com-
plications encountered during a hospital stay. Because the cerebellum is influenced by extensive connections with the cerebrum,
impaired cerebellar development frequently is observed in preterm infants with a severe intraventricular hemorrhage (IVH).4-6
To our knowledge, only one study has mentioned the effect of a low-grade IVH on cerebellar microstructure.7 Recently,
several studies have demonstrated that even a low-grade IVH has a significant effect on neurodevelopmental outcomes.8,9
Therefore, it is meaningful to demonstrate the effects of a low-grade IVH on cerebellar development. Advanced magnetic reso-
nance imaging (MRI), including diffusion tensor imaging (DTI) or 3-dimensional (3D) volumetric MRI, allows for the assess-
ment of gross or microstructural brain development in preterm infants.10,11 The apparent diffusion coefficient (ADC) and
fractional anisotropy (FA) are common DTI parameters that reflect myelin maturation or axonal integrity.12 Recently, it
has been suggested that the axial diffusivity, which is parallel to an axonal fiber, l1, and the radial diffusivity, which is the aver-
aged diffusivity perpendicular to axonal fiber, (l2+ l3)/2, can elucidate specific pathology leading to changes in FA or ADC.
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ADC Apparent diffusion coefficient
BPD Bronchopulmonary dysplasia
DTI Diffusion tensor imaging
FA Fractional anisotropy
IVH Intraventricular hemorrhage
MCP Middle cerebellar peduncle
MP RAGE Magnetization-prepared rapid gradient-echo
MRI Magnetic resonance imaging
PMA Postmenstrual age
SCP Superior cerebellar peduncle
3D 3-dimensional
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Volume 175  August 2016The aim of our study was to investigate cerebellar develop-
ment in preterm infants compared with healthy full-term in-
fants, with adjustment for clinical risk factors that may affect
cerebellar development. We also aimed to examine the effect
of a low-grade IVH on cerebellar development. We hypoth-
esized that preterm infants would demonstrate impaired
cerebellar development and that a low-grade IVH would
negatively affect cerebellar development. To assess cerebellar
development, this study used 3D volumetric MRI and DTI
parameters at term-equivalent age in preterm and full-term
infants without severe brain abnormalities.Methods
The Institutional Review Board from the Gachon University
Gil Hospital approved this study (GIRBA 2404), and the par-
ents of all infants gave written informed consent. Infants were
recruited between October 2010 and December 2013. MRI
and DTI scans were obtained from enrolled preterm infants
at 36-41 weeks’ postmenstrual age (PMA). As a control
group, healthy full-term infants ($37 weeks’ gestational
age at birth) also underwent MRI and DTI scans within
1 month of birth (PMA 37-41 weeks). For preterm infants,
a cranial ultrasound scan was performed within 7 days of
birth, 2 weeks later, and then 4 weeks later. All MRI and cra-
nial ultrasound scans were evaluated for brain injury,
including IVH, by a single pediatric radiologist who was
blinded to the infants’ medical history and the present study.
IVH was determined with the grading system of Papile
et al.16 Infants with any congenital malformations and/or
apparent brain abnormalities identified by early ultrasound
or subsequent MRI scans, including periventricular leuko-
malacia, severe IVH (grade 3 and 4), white matter volume
loss, corpus callosum thinning, and cerebellar lesions, were
excluded. Clinical variables, including gestational age, birth
weight, sex, PMA at imaging, low-grade IVH (defined as hav-
ing an IVH grade of 1 or 2), bronchopulmonary dysplasia
(BPD, defined as the need for supplemental oxygen at
36 weeks PMA), culture-proven sepsis, and postnatal gluco-
corticoid exposure, were recorded.Imaging Data Acquisition
T1-magnetization-prepared rapid gradient-echo (MP RAGE),
T1-and T2-weighted imaging, and DTI scans were obtained
with a 3.0-TMRI scanner (MagentomVerio [Siemens,Munich,
Germany], with a Siemensmatrix coil) under the supervision of
an attending pediatrician. The infants were scanned during nat-
ural sleep after feeding. If feeding failed to induce natural sleep, a
low dose of chloral hydrate (30mg/kg) was given orally. The 3D
T1-MP RAGE imaging parameters used were as follows: repeti-
tion time = 1900 ms, echo time = 2.97 ms, flip angle = 9, pixel
bandwidth = 170 Hz/pixel, total acquisition time = 3 minutes,
2 seconds, iso-voxel resolution 1.0 mm. The DTI sequence pa-
rameters were as follows: b = 0 and 700 s/mm2, number of diffu-
sion gradient directions = 30, repetition time = 6600 ms, echo
time = 74 ms, slice thickness = 1.8 mm, field ofview = 230 mm, matrix = 128  128, total acquisition
time = 7 minutes, 36 seconds.
Quantitative DTI Analysis
The DTI scanning protocol was the same as described previ-
ously.17 DTI images were processed offline with the FMRIB
Software Library (FSL, Oxford, United Kingdom).18 To
investigate the relationship between clinical variables and
cerebellar volume or DTI parameters, such as FA, ADC,
and axial and radial diffusivities, we selected regions of inter-
est in the superior cerebellar peduncle (SCP, at the level of the
decussation) and middle cerebellar peduncle (MCP; at the
level of the pons) from the FA color map (Figure 1;
available at www.jpeds.com).
Volume Measurement
Cerebellar volume was measured by manually outlining the
cerebellar tissue on each cerebellar section with the 3D Slicer,
version 4.3.1 (http://www.slicer.org/; Surgical Planning Labo-
ratory, Harvard Medical School, Boston, Massachusetts)
(Figure 1). The cerebellar boundaries were illustrated, from
medial to lateral, on each subject’s T1-MP RAGE image.
Cerebellar volume was calculated by counting the number of
voxels in the segment and multiplying by the volume of each
voxel.19 Intracranial volume was measured with Statistical
Parametric Mapping 8.0 (http://www.fil.ion.ucl.ac.uk/spm;
Wellcome Department of Imaging Neuroscience, London,
UK).Statistical Analyses
For continuous variables, the means and SDs are reported.
Individual t tests and Fisher exact tests were used for compar-
isons between the 2 groups. Two researchers measured vol-
umes and DTI parameters. For interobserver and
intraobserver reliability, intraclass correlation coefficients
were calculated. To investigate the association between a
low-grade IVH and the cerebellar imaging measurements,
multiple regression analyses were performed, with adjust-
ment for clinical variables, including gestational age, PMA
at imaging, sex, BPD, culture-proven sepsis, and postnatal
glucocorticoid exposure. In those models, IVH grade 1 and
2 were estimated separately, in comparison with no IVH,
by the use of dummy variables. To investigate whether the as-
sociation between low-grade IVH and cerebellar hemispheric
volumes was ipsilateral or contralateral, a mixed random ef-
fects model was used. The outcome variable was hemispheric
cerebellar volume, and the predictor variables were contralat-
eral and ipsilateral IVH grade 1 or 2. PMA at imaging was
adjusted. For all analyses, a P value < .05 was considered sta-
tistically significant.Results
Ninety-four preterm infants and 18 healthy full-term infants
were enrolled; 15 preterm infants were excluded because of
brain abnormalities (4 periventricular leukomalacia, 5 severe87
Table I. Participant characteristics for the full-term and
preterm infants at term-equivalent ages
Variables
Preterm
(n = 72)
Full-term
(n = 16) P value
Gestational age, wk 28+4 (3+1) 37+4 (1+5) <.001
Birth weight, kg 1.16 (0.41) 3.14 (.45) <.001
Male, n (%) 39 (54.2) 8 (50.0) .788
PMA at imaging, wk 38+6 (2+6) 39+3 (1+5) .275
BPD, n (%) 27 (37.5) 0 .002
Glucocorticoid exposure, n (%) 20 (27.8) 0 .018
IVH, n (%) 35 (48.6) 1 (6.3) <.001
Grade 1, n (%) 11 (15.3) 1 (6.2) .687
Grade 2, n (%) 24 (33.3) 0 .005
Culture-proven sepsis, n (%) 6 (8.3) 0 .587
Data are means  SD in parentheses, unless otherwise specified.
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and 2 corpus callosum thinning). Seven preterm and 2 full-
term infants were excluded because of motion artifacts during
imaging. Finally, 72 preterm and 16 healthy full-term infants
were included. Table I shows the clinical features of the
participants. The mean gestational age for preterm infants
and full-term infants was 28+4 weeks and 37+4 weeks,
respectively. Thirty-five preterm infants (48.6%) had low-
grade IVH, of which 24 infants (33.3%) were diagnosed as
IVH grade 2. One full-term infant (6.3%) had an IVH grade 1.
Intrarater and interrater consistencies were high for all im-
aging measurements, with intraclass correlation coefficients
>.8 (Table II; available at www.jpeds.com). Table III
shows results from imaging measurements for preterm
infants at term equivalent age compared with the full-term
infants. 3D volumetric data, including the intracranial and
cerebellar volume, were smaller in the preterm infants (all
P < .001). Cerebellar volume normalized by intracranial
volume also was less in the preterm infants (P = .001).
Because there was no significant difference between the
right and left values in FA, ADC, and axial and radial
diffusivities of the cerebellar peduncles (P > .05), all
measured DTI parameters were averaged. In the MCP,
preterm infants showed lower FA (P = .031) and greater
ADC (P = .038) compared with full-term infants. RadialTable III. Cerebellar development between full-term and pre
Variables Full-term (n = 16) Preterm (n
Cerebellar volume, cm3 25.5 (3.13) 18.3 (3.2
Intracranial volume, cm3 697.7 (60.6) 592.9 (69
Cerebellar volume/ICV (%) 3.64 (.51) 3.09 (.46
MCP, FA .49 (.06) .46 (.04
ADC, 103 mm2/s 2.22 (.13) 2.40 (.31
Axial diffusivity, 103 mm2/s 3.59 (.40) 3.70 (.34
Radial diffusivity, 103 mm2/s 1.56 (.30) 1.73 (.23
SCP, FA .43 (.07) .38 (.05
ADC, 103 mm2/s 1.93 (.13) 1.99 (.16
Axial diffusivity, 103 mm2/s 2.96 (.20) 2.90 (.20
Radial diffusivity, 103 mm2/s 1.40 (.21) 1.54 (.15
ICV, intracranial volume.
Data are means  SD in parentheses.
*Comparison between preterm (n = 72) and full-term infants (n = 16).
†Comparison between preterm infants without IVH (n = 37) and full-term infants (n = 16).
88diffusivity of the MCP was significantly increased in
preterm infants compared with full-term infants (P = .016).
Axial diffusivity of the MCP also was increased but not
statistically significant. In the SCP, preterm infants
demonstrated lower FA (P = .020) and increased radial
diffusivity (P = .027) compared with full-term infants. The
cerebellar volume reduction remained during a subgroup
analysis for the preterm infants without IVH compared
with the full-term controls (P < .001). Preterm infants
without IVH also showed a tendency toward decreases in
FA and increases in ADC compared with full-term
controls; however, this was not a statistically significant
difference (Table III).
Figure 2 presents results of the Pearson correlation
analyses between cerebellar volumes and FA/ADC of the
cerebellar peduncles. In preterm infants, cerebellar volume
was significantly correlated with FA/ADC of the cerebellar
peduncles, respectively (all P < .01), with the exception of
ADC of the SCP (P = .054). No significant correlations
were observed in full-term infants.
Table IV shows results of multiple regression analyses that
investigated the effect of IVH and other clinical variables on
cerebellar development. PMA was significantly associated
with all imaging measurements (all P < .005), except for
axial diffusivity of the SCP (P < .339). As PMA increased
by 1 week, cerebellar volume increased by 0.722 cm3.
Gestational age, however, was not related to any cerebellar
imaging measurements. Adjusting for clinical variables, we
found that the presence of IVH grade 2 was associated with
decreased cerebellar volume by 1.729 cm3 compared with
no IVH. IVH grade 2 was associated with lower FA
(P = .039) and greater radial diffusivity (P = .039) in the
SCP. In the MCP, IVH grade 2 was associated with greater
ADC (P = .033) and greater axial (P = .017) and radial
diffusivity (P = .005). In contrast to IVH grade 2, IVH
grade 1 was not associated with cerebellar imaging
measurements.
A mixed random effects model revealed that decreased
cerebellar hemispheric volumes were associated significantly
with both ipsilateral (P = .037) and contralateral IVH grade 2term infants at term-equivalent ages
= 72) P value* Preterm, No IVH (n = 37) P value†
5) <.001 19.0 (3.54) <.001
.9) <.001 595.8 (73.8) <.001
) <.001 3.20 (.48) .001
) .031 .47 (.05) .220
) .038 2.35 (.51) .051
) .262 3.62 (.33) .561
) .016 1.68 (.21) .310
) .020 .40 (.05) .110
) .133 1.96 (.16) .441
) .428 2.92 (.19) .540
) .027 1.50 (.16) .082
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Figure 2. Pearson correlation analyses between cerebellar volume and FA or ADC in the MCP/SCP.Open circles and solid lines
represent preterm infants, and black circles and dotted lines represent healthy full-term infants.
August 2016 ORIGINAL ARTICLES(P = .042). In the SCP, decreased FA (P = .043) and increased
radial diffusivity (P = .045) were significantly related with
contralateral IVH grade 2. The ADC of the MCP also was
related to contralateral IVH grade 2 (P = .037) (Table V;
available at www.jpeds.com). A subgroup analysis that
excluded 4 infants with bilateral IVH grade 2 showed that
cerebellar hemispheric volumes were still associated with
both ipsilateral (P = .029) and contralateral IVH grade 2
(P = .036). In the SCP, decreased FA (P = .046) and
increased radial diffusivity (P = .027) were related with
contralateral IVH grade 2. In the MCP, increased ADC
(P = .006) and radial diffusivity (P = .027) also were
related to contralateral IVH grade 2. An IVH grade 1 was
not associated with cerebellar hemispheric development.
Postnatal glucocorticoid exposure was related to decreased
FA (b = .27, P = .048) and increased radial diffusivity
(b = .17, P = .016) of the MCP based on a univariate
analysis; however, this effect was no longer significant in
the multiple regression analysis. Other clinical variables,
such as sex, BPD, and culture-proven sepsis, were not
related with the cerebellar imaging measurements.Discussion
The present study suggests that after we controlled for PMA
at time of the scan, cerebellar development is impaired in
preterm infants at term-equivalent age compared with
healthy full-term infants. Specifically, this impairment is
associated with low-grade IVH, rather than gestational age,Cerebellar Development in Preterm Infants at Term-Equivalent A
Low-Grade Intraventricular Hemorrhageat birth. Our study also demonstrates cerebellar development
in preterm infants at term-equivalent age with the analysis of
volume and DTI parameters, including FA and ADC, as well
as axial and radial diffusivities. In the present study, with the
exception of a low-grade IVH, no preterm infant had
apparent brain abnormalities by ultrasound scan; however,
these infants showed impaired brain development based on
smaller intracranial and cerebellar volumes compared with
full-term infants. This cerebellar hypoplasia was still
observed after we normalized the cerebellar volume for intra-
cranial volume.
Similar findings were observed in previous studies,20-22
although another study reported no significant differences
between full-term and preterm infants at term-equivalent
age.23 A smaller cerebellum in preterm infants has been
observed in previous studies.22,24,25 This may result from 1
of 3 mechanisms: direct cerebellar injury, indirect cerebellar
injury by cerebral injury, or cerebellar underdevelopment
without brain abnormalities.3 The present study revealed
that even preterm infants without IVH demonstrate cere-
bellar hypoplasia compared with full-term infants. Previous
studies suggested that possible mechanisms of cerebellar hy-
poplasia associated with prematurity itself include the
maternal-placental growth factors, a genetic problem, or
immature circulation.3,26-28 The present study focused on
the clinical risk factors associated with prematurity and
found that gestational age is independent of cerebellar devel-
opment; rather, PMA and a low-grade IVH, especially IVH
grade 2, are important factors underlying impaired cerebellar
development.ge Is Impaired after 89
Table IV. Multiple regression analyses for the cerebellar imaging measurements in preterm infants (n = 72)
Imaging measurements
Gestational age, wk PMA, wk IVH grade 2 IVH grade 1
Coefficient (SE) P value Coefficient (SE) P value Coefficient (SE)* P value Coefficient (SE)* P value
Cerebellar volume, cm3 .127 (.140) .368 .722 (.130) <.001 1.729 (.781) .032 .021 (.991) .983
Cerebellar volume/ICV (%) .021 (.021) .317 .084 (.019) .001 .231 (.114) .047 .045 (.143) .755
SCP, FA .002 (.003) .630 .011 (.003) .001 .040 (.019) .039 .020 (.023) .388
ADC, 103 mm2/s .003 (.012) .792 .028 (.011) .015 .024 (.083) .772 .009 (.069) .898
Axial diffusivity, 103 mm2/s .011 (.012) .335 .010 (.011) .339 .049 (.065) .483 .029 (.077) .703
Radial diffusivity, 103 mm2/s .006 (.009) .508 .025 (.008) .003 .130 (.061) .039 .074 (.051) .149
MCP, FA .001 (.003) .820 .005 (.002) .026 .014 (.015) .348 .021 (.017) .227
ADC, 103 mm2/s .024 (.015) .126 .048 (.014) .001 .188 (.086) .033 .047 (.105) .654
Axial diffusivity, 103 mm2/s .022 (.014) .127 .031 (.013) .024 .201 (.082) .017 .014 (.099) .890
Radial diffusivity, 103 mm2/s .013 (.010) .194 .031 (.009) .001 .166 (.057) .005 .093 (.069) .188
ICV, intracranial volume.
All regression analyses for each imaging measurement included gestational age, PMA, sex, IVH (including No IVH, grade 1 and 2), BPD, sepsis, and postnatal glucocorticoid exposure.
*The coefficients denote an average difference in the imaging measurements values between IVH grade 1 or 2 and No IVH (as a reference).
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from the cerebrum to the cerebellum.29,30 The SCP repre-
sents a major output pathway from the cerebellum via the
cerebello-thalamus-cerebrum.30,31 In the present study,
compared with full-term infants, preterm infants demon-
strated a reduced FA in both the MCP and SCP and an
increased ADC of the MCP. In general, FA increases and
ADC decreases with age, which is believed to reflect white
matter maturation such as fiber coherence, axonal density,
and myelination.12 Our findings reflect the immature cer-
ebrocerebellar pathways in preterm infants, and this
immaturity may account for relative cerebellar hypoplasia
observed in preterm infants compared with full-term in-
fants. Our significant correlation between cerebellar vol-
ume and FA or ADC of the cerebellar peduncles in
preterm infants may support this supposition. Radial
diffusivity decreases over PMA, reflecting a cylindrical
decrease in diffusion caused by the myelination process.
When myelination is impaired in the preterm infant,
radial diffusivity is increased leading to overall reduction
in the directionality of diffusion or the FA.14,32
It is remarkable that a low-grade IVH, specifically IVH
grade 2, was associated with impaired cerebellar develop-
ment, even after we adjusted for clinical risk factors that
may affect brain development. Several recent studies have re-
vealed significant correlations between decreased cerebellar
volume and white matter injury, severe IVH, and hemorrhag-
ic infarcts4,33,34; however, few studies have revealed similar
findings to the present study. Morita et al7 reported a signif-
icant decrease of FA in the SCP of infants with a low-grade
IVH, and Tam et al6 observed that a low-grade IVH led to
cerebellar volume reductions. They reported that IVH grade
1 and 2 are associated with 1.4 cm3 cerebellar volume reduc-
tion, similar to our findings of a 1.73 cm3 reduction in cere-
bellar volume in preterm infants with IVH grade 2.
A possible reason for the small difference in cerebellar vol-
ume reduction between Tam et al’s study and ours is because
we analyzed IVH grade 2 separately from IVH grade 1. Be-
sides cerebellar volume, the present study clearly showed
that IVH grade 2 is associated with altered microstructure90of cerebellar peduncles. In preterm infants with IVH grade
2, an increase in radial diffusivity, with no change in axial
diffusivity, was observed in the SCP, whereas the white mat-
ter tracts are arranged as highly organized fiber bundles. In
contrast, both axial and radial diffusivities were elevated in
the MCP, which contain less coherently organized tracts.
Because FA represents the normalized SD of the 3 diffusivities
(l1, l2, and l3), and ADC is the mean of the 3, these results
are linked to a significant change in ADC but no change in
FA of the MCP in preterm infants with an IVH grade 2.
A previous study is consistent with our observations of
axial and radial diffusivities. They reported changes in radial
diffusivity in preterm infants with diffuse white matter
changes but no changes in axial diffusivity in the highly
anisotropic region. Conversely, both axial and radial diffusiv-
ities were increased in the less-anisotropic regions.35 In the
present study, altered diffusion parameters of the cerebellar
peduncles imply that IVH grade 2 is associated with disrup-
ted development of the normal input and output connections
between the cerebrum and cerebellum, and may account for
the cerebellar volume reduction. Our results support several
recent studies that reported adverse neurologic outcomes
associated with a low-grade IVH in preterm infants.8,9 In
contrast to IVH grade 2, we did not observe a significant cor-
relation between cerebellar development and IVH grade 1.
One possible reason may be that IVH grade 2 causes cere-
bellar impairment through mechanisms similar to severe
IVH. The blood clot in the ventricle and cerebrospinal fluid
can extend into the fluid surrounding the cerebellum near
the precursor cells of the external granular layer.5-7 This
could have potential harmful effects on adjacent cerebellar
development, resulting in cerebellar volume reduction.
Consistent with Tam et al’s study,6 our results suggest that
cerebellar hemispheric volumes are related to both ipsilateral
and contralateral IVH grade 2; however, DTI parameters of
the MCP and SCP were associated with only contralateral
IVH grade 2. Crossed cerebellar diaschisis has been suggested
as a mechanism underlying cerebellar hypoplasia, contralat-
eral to significant supratentorial cerebral injury.3,33 Further-
more, both cerebellar hemispheres could be affected by IVHJeong et al
August 2016 ORIGINAL ARTICLESbecause blood products in the cerebrospinal fluid mix within
the third and fourth ventricles.6 The present findings support
both mechanisms.
The present study observed that postnatal glucocorticoid
exposure was associated with microstructure of the MCP
but was not related with cerebellar hypoplasia based on a uni-
variate analysis. This finding differs from a previous study,
which showed that cerebellar hypoplasia was linked with
postnatal glucocorticoid36; however, long-term follow-up
with our sample may reveal cerebellar volume changes
related to postnatal glucocorticoid.
The present study has some notable limitations. We did
not perform any standardized neurologic examination.
Several previous studies, however, have already shown the ef-
fects of cerebellar impairment on neurodevelopmental out-
comes.2,20,21 In addition, the full-term infant sample size
was small because of recruitment difficulties. We did not
include other important clinical variables, such as antenatal
factors, pain,37 or morphine.38 These variables might provide
more information regarding cerebellar development among
preterm infants.
Our MRI analysis of cerebellar volume and DTI parame-
ters showed that after we controlled for PMA at the time of
scan, prematurity was associated with impaired cerebellar
development in the absence of severe brain injury. Cerebellar
volume correlated with FA or ADC of the cerebellar pedun-
cles in preterm infants. The cerebellar impairment associated
with prematurity was affected by an IVH grade 2 and was in-
dependent of gestational age at birth. Cerebellar hemispheric
volumes were associated with both ipsilateral and contralat-
eral IVH grade 2. The present study suggests that even a low-
grade IVH (IVH grade 2) has potentially harmful effects on
cerebellar development. n
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Table II. ICC for intra- and interobserver reliability
(n = 88)
Variables
Intraobserver
ICC (95% CI)
Interobserver
ICC (95% CI)
Cerebellar volume, cm3 0.954 (0.932, 0.969) 0.941 (0.912, 0.960)
MCP
FA 0.910 (0.847, 0.947) 0.900 (0.831, 0.940)
ADC, 103 mm2/s 0.940 (0.893, 0.966) 0.911 (0.839, 0.951)
Axial diffusivity, 103
mm2/s
0.909 (0.843, 0.947) 0.881 (0.797, 0.930)
Radial diffusivity, 103
mm2/s
0.907 (0.843, 0.945) 0.914 (0.855, 0.949)
SCP
FA 0.918 (0.863, 0.951) 0.947 (0.912, 0.969)
ADC, 103 mm2/s 0.902 (0.820, 0.946) 0.898 (0.816, 0.943)
Axial diffusivity, 103
mm2/s
0.831 (0.698, 0.905) 0.849 (0.739, 0.913)
Radial diffusivity, 103
mm2/s
0.820 (0.691, 0.895) 0.854 (0.750, 0.915)
ICC, intraclass correlation coefficient.
Figure 1. Imaging measurements. A, Volumetric tracings of left (red) and right (blue) cerebellar hemispheres in sagittal and
coronal planes. B,Color-coded FAmaps in the SCP (left) and theMCP (right). Regions of interest were placed on the SCP (at the
level of the decussation) and in the MCP (at the level of the pons).
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Table V. Cerebellar hemispheric development is associated with contralateral or ipsilateral IVH grade 2
Ipsilateral IVH grade 2 Contralateral IVH grade 2
Coefficient (SE) P value Coefficient (SE) P value
Cerebellar volume, cm3 .768 (.386) .037 .556 (.190) .042
SCP
FA .012 (.009) .128 .024 (.010) .043
ADC, 103 mm2/s .022 (.015) .620 .079 (.024) .075
Axial diffusivity, 103 mm2/s .035 (.027) .436 .036 (.021) .421
Radial diffusivity, 103 mm2/s .009 (.021) .791 .071 (.034) .045
MCP
FA .002 (.001) .815 .002 (.001) .826
ADC, 103 mm2/s .049 (.032) .547 .169 (.080) .037
Axial diffusivity, 103 mm2/s .017 (.012) .813 .079 (.068) .252
Radial diffusivity, 103 mm2/s .020 (.012) .679 .068 (.047) .158
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